Background: Attention deficit/hyperactivity disorders (ADHD) and eating disorders (ED) share several clinical features. Research on the association between ADHD and ED is still quite sparse and findings are ambiguous. Methods: Correlations between the severity of ADHD key features (Barratt Impulsiveness Scale, and Attention Deficit/Hyperactivity Disorder-Self-Rating questionnaire) and the severity of specific ED symptoms (Structured Interview for Anorexia and Bulimia Nervosa) were examined in 32 female patients diagnosed with ED. Results: Most correlations between the severity of ADHD features and the severity of ED symptoms were low (r<0.30) and did not reach statistical significance. The only exception was a statistically significant, but counterintuitive association between impulsivity and the avoidance of fattening food. Conclusions: The findings in this small sample suggest a weak link between the severity of ADHD key features and the severity of single ED symptoms in female patients with ED. The role of ADHD features for the development, maintenance, and treatment of EDs seems to be intricate and requires further study.
Background
The three key features of attention deficit/hyperactivity disorders (ADHD)-inattention, hyperactivity, and impulsivity-are often present in individuals with eating disorders (ED) [1] . Core features of bulimia nervosa (BN) include binge eating and purging-behaviors that can be described as impulsive. In fact, impulsiveness has been shown to be increased in individuals with ED, particularly in individuals with binge-eating behavior, when compared to healthy controls [2, 3] . Individuals with anorexia nervosa (AN) or BN also showed significant attention impairment in neuropsychological testing compared to healthy controls [4] . Last but not least, excessive exercise, which is typical in AN patients, may be considered a restless or hyperactive behavior.
In line with these findings, case-controlled studies found increased prevalence rates of ED in general, and of BN in particular, in ADHD samples compared with control groups (11-16% vs. 2-5%) [5] [6] [7] [8] [9] . Further studies without control groups reported very similar ED rates in individuals with ADHD [10] [11] [12] . Conversely, Wentz et al. [13] found an ADHD prevalence rate of 10-17% in ED patients, all of them with AN purging type. Although there was no control group, findings of this study suggest that the rate of ADHD may be increased in ED patients. The presence of comorbid ADHD in ED patients may affect the course of illness and thus may be clinically highly relevant for the treatment of ED.
However, whether ADHD is really increased in ED is still part of the debate. Study findings vary considerably. Contrasting the findings of Wentz et al. [13] , some more recent studies reported ADHD rates between 3 and 9% in ED inpatients, suggesting that ADHD might be not or only slightly increased in these patients [14, 15] . Limitations of these studies on the comorbidity of ED and ADHD relate to the populations used and to diagnostic parameters.
Concerning the subtypes of ED, recent longitudinal research has shown that, whereas the overarching category of ED is relatively stable over time, longitudinal crossover between the ED diagnoses (AN, BN, and ED not otherwise specified [EDNOS] ) and between AN subtypes (binge eating/ purging AN and restrictive AN) is common and recurrent [16] [17] [18] [19] [20] . Such diagnostic flux between specific ED diagnoses over the course of the illness suggests that there might be common biological and psychological causal and maintaining processes in different specific ED. This casts doubt on the existing scheme for classifying ED, which generates a disproportionate number of EDNOS [21] . Combined with shared clinical features among ED [22] , the frequent diagnostic flux between ED diagnoses rather strengthens the view that ED might be best viewed as a single entity [23] . Such a "transdiagnostic" view may be clinically more useful and more appropriate for the examination and the understanding of ED [24] .
Although ADHD has recently received more attention in adult psychiatry, research on the association between ADHD and ED is still quite sparse and ambiguous. Diagnostic criteria of ADHD varied widely in previous studies and few of them distinguished between symptoms of ADHD (such as inattention) and ADHD diagnosis [1] . Moreover, available research either focused on the prevalence of ADHD diagnoses in ED individuals and vice versa [5] [6] [7] 13, 14] , or was concerned with the degree of impulsivity in patients with ED [2, [25] [26] [27] . The only studies that looked at associations between ADHD and ED on the level of the severity of specific symptoms were restricted to either the ADHD feature of impulsivity or to BN patients [28] [29] [30] [31] .
The purpose of this study was to systematically examine the associations between the severity of the three ADHD key features (attention deficit, hyperactivity, and impulsivity) and the severity of ED symptoms and characteristics in individuals with any ED diagnosis in order to provide a more general view on the relationship between ADHD and ED symptoms by adopting a transdiagnostic view on ED.
Methods

Participants
This study included N=32 women diagnosed with a current DSM-IV [32] ED. Participants were consecutively recruited from the ED Unit of the University Hospital of Zurich. All participants gave informed consent. The study protocol was approved by the ethics committee of the Canton of Zurich, Switzerland, and carried out in compliance with the Helsinki Declaration.
Of the participants, 12 (37.5%) were diagnosed with AN, 6 (18.8%) with BN, and 14 (43.7%) with EDNOS. Seven (58.3%) of the AN cases were of the restrictive type, 5 (41.7%) of the binge/purging type. All BN cases were of the binge/purging type.
Eleven (34%) participants had at least one current comorbid axis I disorder, with anxiety (25%) and depressive (13%) disorders being most frequent. The number of ED patients diagnosed with comorbid ADHD varied between 0 and 28%, depending on the cut-off criteria used in the Attention Deficit/Hyperactivity Disorder-Self-Rating (ADHD-SR) screening questionnaire (see below) [33] . Eighteen participants (56%) were diagnosed with at least one axis II disorder, with depressive (31%), obsessive-compulsive (19%), and avoidant (16%) personality disorders being most frequent.
The age of the participants ranged between 17 and 46 years (M=23.1, SD=5.6). The mean age at ED onset was 17.1 (SD=4.0) years. At study entry, the participants had on average suffered from ED for 6.0 (SD=4.6) years. The majority of the participants were not married (91%), had no partner (59%), and were in part-time or full-time paid employment (53%). Almost half of the participants (44%) were still in education.
Measures
All participants were examined using standardized clinical interviews and valid self-report questionnaires.
The Structured Interview for Anorexia and Bulimia Nervosa-Expert Rating (SIAB-EX) was developed for reliable and valid assessment of the specific and the general psychopathology of ED and provides a measure of the severity of ED symptoms [34] . The SIAB-EX covers a wide spectrum of symptoms frequently seen in different types of ED, ranging from body image disturbances, bulimic symptoms, social integration, and sexuality to depression, compulsion, and anxiety. Each of these symptoms is rated on a rank-ordered scale ranging from 0=no to 4=very severe/strong/frequent.
The Attention Deficit/Hyperactivity Disorder-Self-Rating (ADHD-SR) questionnaire is a German instrument for the diagnosis of ADHD in adults according to DSM-IV or ICD-10 [35] . Eighteen of the 22 items ask for symptoms of ADHD (e.g. I am fidgety). The items are rated on a 4-point scale (0=does not apply, 1=mild (occasionally present), 2=moderate (often present), 3=severe (almost always present)) and are grouped into three dimensions (psychometric scales) representing attention deficit, hyperactivity, and impulsivity. Four additional items deal with further criteria for the diagnosis of ADHD (e.g. suffering due to these symptoms). An ADHD symptom was considered to be present if its intensity was rated with at least 2 ("moderate"). Such strict cutoff is recommended for research settings. Less strict clinical criteria, however, already assume a symptom to be present if it is rated at least "mild (occasionally present)" [33] . Evaluation of the psychometric properties of the ADHD-SR revealed good internal consistencies of the sum scale and the subscales (.72-.90), high retest reliabilities (.78-.89), and good convergent validity [35] .
The Barratt Impulsiveness Scale, Version 11 (BIS-11) is a 30-item self-report measure to assess (1) motor impulsivity, (2) cognitive/attention impulsivity, and (3) nonplanning impulsivity [36] . The German version of the BIS-11 has adequate internal consistency (Cronbach's alpha=0.69) and differentiated well between psychiatric patients and control persons. However, the original factor structure was not unambiguously replicated in the German translation [37] . So we only considered the sum score of the BIS-11 in this study. The BIS has been used to assess impulsivity in ED patients in several previous studies [2, 38, 39] .
Statistical analyses
The associations between the degree of severity of ADHD core features and the severity of specific ED symptoms were examined using Pearson's product-moment correlations (for continuous variables) and Spearman's rank 
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Frequency of binge eating episodes c correlations (for rank-ordered variables). If an ED symptom was present in none or only one participant (e.g. enema use), no correlations were calculated. To control for type I error inflation when performing multiple tests in the same sample, we used Bonferroni corrected alpha levels [40] .
Results
Many of the ED patients in our sample had at least subsyndromal ADHD. Although none of them was diagnosed with an ADHD when using the strict ADHD-SR research criteria [33] , the proportion of participants with comorbid ADHD increased to 29% when using less strict clinical criteria [33] . Furthermore, the BIS-11 sum score suggested significantly higher impulsivity in our ED sample (M = 62.7, SD = 10.3) than among healthy German controls (M = 51.2, SD = 7.3; t(840) = 8.585, P < 0.001) ( Table 1) . Comparison of our ED participants with healthy controls in the three subscales of the ADHD-SR was not possible; the assessment of ADHD-SR norm data in a community sample is still in progress [41] . As is shown in Table 1 , the majority of the correlations between the severity of ADHD core features and the severity of specific ED symptoms or characteristics were low (r < 0.30) [42] , indicating only weak associations between ADHD and ED symptoms, if any. Even if one is using a conventional alpha level of .05, only relatively few correlations reached statistical significance (Table 1) . When adopting a Bonferroni corrected critical alpha level of 0.05/88=0.00057 to control for the inflated type I error due to the testing of 88 correlations in the sample, the only correlation reaching statistical significance was between the degree of impulsivity as measured by the ADHD-SR and more severe avoidance of fattening food. Impulsivity as measured by the BIS-11, however, turned out to be not significantly associated with the severity of such anorectic behavior. The correlation of impulsivity as measured by the BIS-11 and of impulsivity as measured by the ADHD-SR was low (r = 0.28, P = 0.12), suggesting that the two scales measure different aspects of impulsivity.
Finally, additional analyses within the specific ED subtypes in our sample (AN-restrictive type, AN-binge/ purging type, BN-binge/purging type, and EDNOS) also revealed no significant correlations between ADHD and ED symptoms when controlling for inflated type I error due to multiple testing. (The corresponding results are not shown here due to the small sizes of the subsamples and due to space limitations). Furthermore, the ED subtypes did not differ significantly on the ADHD-SR scales either (attention deficit: F (3,28) = 2.087; P = 0.125; hyperactivity: F (3,28) = 0.818; P = 0.495; impulsivity: F (3,28) = 2.246; P = 0.105) and in the BIS sum score (F (3,28) = 1.778; P = 0.174).
Discussion
This study did not find more severe ADHD characteristics to be associated with more severe ED symptoms in women diagnosed with ED. Although about one fourth of the sample presented at least subsyndromal ADHD, neither the severity of inattention nor the severity of hyperactivity was associated with any of the ED symptoms' severity. The only statistically significant correlation (when controlling for inflated type I error due to multiple testing in the sample) was found between the degree of impulsivity and avoidance of fattening food. In addition to the preponderance of these small and non-significant correlations between the severity of ADHD and ED features, the observed associations were often counterintuitive; positive correlations were found where negative correlations were expected and vice versa. For instance, higher impulsivity was not only statistically significant related to the avoidance of fattening food, but it also tended to be positively correlated with limiting caloric intake, dieting, and excessive fasting. These behaviors all require strict discipline and thus seem not to be very compatible with impulsivity. These preliminary findings, though unexpected, could elucidate an important peculiarity of ED: the extreme control, which is a central symptom of AN patients (e.g., when encountering fattening food) could be interpreted as an answer to a primary impulsivity, and explain the frequent diagnostic cross over from AN to BN [16] [17] [18] [19] [20] . Although we usually associate impulsivity with BN, a high prevalence of ADHD was also found in a sample with mainly AN subjects [13] .
Whereas our findings suggest that impulsivity might be increased in ED patients compared to healthy controls [2, 3] , it does not appear to be a predictor of the severity of eating-related impulsive behavior such as binge eating or purging, though one would expect impulsivity to abet sudden decisions to binge and purge. Interestingly, such lack of an association between impulsivity and ED symptom severity has already been reported in previous studies among BN patients [27, 28] .
Given the examination of few (N = 32) patients in our study, one could suppose that the lack of significant correlations is related to the low statistical power in such a small sample. However, the correlation coefficients, which (unlike significance tests) constitute a measure that is independent of the sample size, in general indicated only small associations between the severity of ADHD and ED characteristics (most r's < 0.30). For instance, the highest correlation between an indicator of impulsivity (the BIS-11 sum score) and a measure of binge eating (the severity of binge eating episodes) equaled r = 0.218. That is, knowing BIS-11 impulsivity scores enables explanation of less than 5% (r 2 = 0.218 2 = 0.048) of the variance of the severity of binge eating episodes. It is therefore unlikely that impulsivity scores simply reflect the presence or absence of impulsive eating patterns. In line with this, Davies et al. [38] did not find higher BIS total scores in BN patients when compared to AN patients. To provide yet another example, there was also no substantial association between hyperactivity and excessive exercise (r = 0.137), which was also contrary to our expectations.
Considering these unexpected findings, one could argue that adopting a "transdiagnostic" view on ED-and hence aggregating results across different specific ED diagnosesmay have masked associations between ADHD features and ED symptoms in specific ED types. Correlational analyses within the specific ED subtypes in our sample (ANrestrictive type, AN-binge/purging type, BN-binge/purging type, and EDNOS), however, did not provide any indication of ADHD-ED symptom severity relations in specific ED subtypes. Furthermore, though longitudinal diagnostic flux between specific ED diagnoses is frequent and recurrent, the overreaching diagnosis of ED and the characteristics of ADHD are both relatively stable over time [17] [18] [19] . If there were striking associations between ADHD features and the severity of ED symptoms, one might expect them to be revealed even in a diagnostically mixed sample.
In summary, the findings of this study indicate that the associations between the severity of ADHD features and the severity of specific ED symptoms are low in women diagnosed with ED. This is in line with some previous studies that failed to find increased rates of ADHD in ED [14, 15] . And even if there should be an increased prevalence of ADHD in ED individuals [5] [6] [7] 13] , the relation between these two disorders might be less straightforward and more complex than expected based on clinical features shared by both disorders. Therefore, regarding clinical implications, if ADHD key features are salient in ED, both symptomatologies seem to require equal clinical attention. Focusing primarily on ADHD symptoms and expecting that ED symptoms will be automatically alleviated by such intervention might result in disappointing outcomes. Several case reports suggested that methylphenidate and other psychostimulants may be effective in reducing BN symptoms in patients with comorbid ADHD and BN [43] [44] [45] [46] . These case reports should be interpreted with caution since adequate rating scales to evaluate improvement in bulimic symptoms were not used in the majority of them. Some of the reports included patients who were diagnosed not only with BN and ADHD, but with cluster B personality disorders as well. In our sample only two participants had such personality disorder. Therefore, the lack of an association between ADHD features and the severity of ED symptoms observed in our study calls into question the promise of interventions targeting on ADHD features as a treatment for ED symptomatology.
Among the limitations of this study are the small sample size and the aggregation across specific ED, both of which were discussed earlier. The problem of the relatively small number of patients in this study is accentuated when performing analyses within specific ED subtypes. Thus, our null-findings resulting from subgroup analyses should be treated with caution. They maybe just reflect the need for larger samples. Further research is needed to examine associations between the severity of specific ADHD and ED symptoms in ED subtypes.
As a further potential limitation of this study, we used self-report questionnaires (ADHD-SR and BIS-11) to assess ADHD characteristics. The Structured Clinical Interview for DSM-IV Disorders [47] , which is the most common instrument to asses mental disorders, does not encompass ADHD. To date there is no standardized method for identifying subjects with ADHD [1] , and existing interviews to assess neuropsychiatric disorders with onset during childhood are extremely time-consuming [13] . Nevertheless, clinicians' ratings of the severity of ADHD core features might have resulted in different findings than the selfreport questionnaires used in this study. Based on information from the ADHD-SD, none of our participants was diagnoses with an ADHD when applying the strict research criteria (an ADHD symptom was considered to be present if its intensity was rated at least "moderate" by the participant). However, when using the less strict clinical criteria (a symptom is already assumed to be present if it is rated at least "mild (occasionally present)" ), the proportion of ADHD diagnoses in our ED sample increased to 29%. Thus, at least subsyndromal ADHD was present in many patients of our sample [33] . Finally, normative data of the ADHD-SR questionnaire is not yet available for healthy controls. So it remains unclear whether our ED patients reported increased scores on the ADHD-SR scales compared to healthy controls. Future research on associations between ADHD and ED would benefit from efficient and thoroughly validated instruments to assess ADHD.
Conclusions
Despite the small sample, our study suggests that ADHD key features such as impulsivity may be increased in individuals with ED, but that their severity does not play a crucial role regarding the severity of specific ED symptoms. Although ADHD is frequently observed in ED individuals, the relation between these two disorders seems to be complex at the level of specific symptoms and features. Further research is needed to elucidate the association between the severity of ADHD features and the severity of specific ED symptoms.
